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THERMOMETRICAL EXPERIMENTS, &c. 



T TAVING been appointed by the Prefident and Coun- 
•*^ "*• cil of the Royal Society to write the animal differ- 
tation, purfuant to the inflitution of henry baker, 
Efq. F. R. s. I determined to prefent to the Society 
the following account of fome thermometrical experi- 
ments and obfervations, the greateft part of which were 
made as long ago as the year 1776. The courfe of thofe 
experiments having been often interrupted by mechani- 
cal defeds in the conftru6tion of inftruments, and by 
various other circumftances, mufl: not be confidered as 
complete inveftigations of the propofed views, but rather 
as firft attempts, which are to be profecuted in cafe of 
better opportunities. They contain a few fails, which 
to me feem new and worthy of notice; and, perhaps, 
the obfervations concerning the conftru6tion and ufe of 
the inftruments ufeful in experiments of this fort, may 
be of ufe to thofe perfons who have the opportunity, and 
are willing, to profecute this experimental inquiry. 
Vol. LXX. 4 H Having 
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Having read in a volunaq of the Philofopliical Tranf- 
a£lions the account of an experiment made with a ther- 
mometer, whofe bulb was painted black, and was expofed 
to the rays of tlie Sun, in which cafe it had been found, 
that the thermometer Ihewed a much greater degree of 
heat than when not blackened, I was defirous of tryuig 
the ultimate limits of this difference. For which purpofe 
1 conftrufted tw^o thermometers, the fcales of which 
(being made by trial).coincided fo perfe6lly well together, 
that when the thermometers were put in equal circum- 
ftances, no difference could be perceived between the de- 
grees of heat fliewn by them. The method ufed to gra- 
duate thofe thermometers is as follows. The fcale of 
one of the thermometers was made in the ufual manner, 
mz. by finding the boiling and freezing water points, 
and dividing that diftance into 180 equal parts, which 
are the degrees according to Fahrenheit. Herfe no 
regard was paid to the barometrical height at the time of 
finding the boiling water point, it being ufelefs for the 
experiment for which the inftrument was intended. This 
done, the balls of the two thermometers w^ere put into hot 
water, and according as the water cooled, andconfequently 
the mercury defcended in the tubes, different marks were 
put upon the tube of the ungraduated thermometer, 
6 which 
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which were nominated after the degree of heat fhewn at 
the fame time by the graduated thermometer. Thus, for 
inftance, a. mark was put at 140^, another mark was put 
at 1 35% another at 1 30"*, and fo on. It is plain, that in 
thofe points, the thermometers when put in equal cir- 
cumftances, muft coincide perfectly together. Now, on 
making the^fcale thofe points are marked firft, and as the 
diftances between thofe markp were very fmall (confift- 
ingof a few degrees) they were divided with the com- 
pafles in the proper number of equal parts or degrees; 
and iri this manner the fcale of the other thermometer, 
was completed, by which means, although thefe two ther- 
mometers did not coincide fo well with other thermome- 
ters, yet theycoincided perfedly well together, as muft 
inevitably be the cafe, even upon the fuppofition that 
their tubes were not perfectly cylindrical. The length 
of a degree on the fcale of thofe thermometers was a Httle 
more than ^th of an inch, and although thofe fcales were 
divided into degrees only^yet by infpedtion a perfon a little 
verfed in thefe obfervations could eafily diftingulfh the 
height of the quickfilver within a quarter of a degree. 

Thefe thermometers were both fixed upon the fame 
frame ^t the diftance of about one inch from one ano- 
ther, having the balls quite detached from the frame, and 
in this manner they were expofed to the Sun, or to the 

-light of a lamp. 

H a When 
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When thefe thermometers were expofed to the Sun, 
or kept in the fliade, they Ihewed the fame degree pre- 
cifely. The difference between the degree Ihewn by 
thefe thermometers when expofed to the Sun, and when 
kept in the (hade at about the fame time of the day, was 
very trifling. 

When the ball of one of thofe thermometers, which 
we fhall call a, was painted black with Indian ink, or with 
the fmoke of a candle, and that of the other thermome- 
ter B was left clean, on being expofed to the Sun they 
Ihewed different degrees of temperature ; the quickfilver 
in the tube of a was much above the quickfilver in the 
tube of B. This difference fometimes amounted to about 
io°. but it was never conflant, varying according to the 
clearnefs of the Sun's light as well as of the air, and alfo 
according to the different degrees of temperature of the 
atmofphere. 

Keeping the frame with thofe thermometers, one of 
which had the ball painted black, hung on the fide of 
a window, I obferved a remarkable fa6t, viz. that thefe 
thermometers fliewed unequal degrees of heat, not only 
when prefcnted to the Sun, but alfo when expofed to the 
ftrong day-li^;ht. I cleaned the bulb of the thermome- 
ter A, and blackened that of b, but the effeil was con- 
liant,'LVJ2. the quickfilver in the tube of the thermometer. 

whofe 
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whofe btilb was painted black, was conftantly higher 
than the other, whenever they were expofed to the 
ftrong day-light. This difference was commonly about 
one-third of a degree, but fometimes it amounted to 
three-fourths, and even to a whole degree. The lituation 
in which thofe thermometers were ufually placed was 
fuch that the light of the Sun could not be refle6ted upon 
them by any object ftanding before; but the experiment 
anfwered even when the Sun was hidden by clouds. 

This obfervation feemed to fliew that, perhaps, every 
degree of light is attended with a proportionate degree 
of heat; and induced me to try, in a iimilar manner^ 
whether, by direcSting the concentrated light of the Moon 
upon the blackened ball of one of thefe thermometers, I 
could render fenfible the effect of that light ^""L But al- 
though I attempted it fometime ago with a large lens 
feveral times, and have lately tried it again witlj a burn- 
ing mirror of eighteen inches diameter, yet fometimes 
for want of proper means of obferving the height 
of the mercury in the tubes of the thermometers, fome- 
times for want of a continued clear light of the Moon, 
and in fliort from one unfavourable circumftance or 

(a) The concentrated light of the Moon has often been thrown upon ther- 
inometers without any effed ; but I do not know that any blackened thermo- 
meter was ever ufcd before for this purpofe,. 

other,, 
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other, I have not yet been able to make a fair and clecifivu 
trial of this experiment. 

The light of the Sun being very inconftant on account 
of clouds and of its diurnal motion, I thought to make 
fome experiments with the above mentioned two ther- 
mometers, by expofing them to the light of a lamp^ and 
I found that this light had a confiderable efxecTt u|X}ii 

The ball of one of the thermometers being blackened, 
and both being fet at two inches diftance from the flame 
of a lamp, they both rofe from sS'^, at which the mer-* 
cury flood before the lighting of the lamp, to 65''|, and 
the blackened thermometer to 67°|, Another time, being 
fet at the fame diftance from the lamp, the uncoloured 
thermometer came up to 6 7 ''I, and' the blackened one to 
68''|. In fhort, by various repeated trials it appeared, 
that the difference generally amounted to about i"". 
When the thermometers were put farther than two 
inches from the lamp, this difference decreafcd, and at 
about fourteen or fifteen inches it vaniilied quite. 

It is mathematically true, that emanations which pro- 
ceed from a center, and expand in a fphere, mull: conti- 
nually become more and more rare in proportion to the 
fquares of the diftances from the center. Thus it is faid, 
that the intenlity of light proceeding from a luminous 

body 
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body at tlie double, treble, quadruple, Sec. of a given dif- 
taiice from that/ body, muft be refpe6tively four, nine, 
jfixteen times lefs denfe. The fame thing may be faid of 
heat. 

Being willing to afcertain this truth by acSlual experi- 
ment, I placed feveral thermometers, whofe balls were 
not painted, at different diftances from the flame of the 
lamp, and expected to find, when the thermometer at 
four inches diftance was i'' above that placed at eight 
inches diftance, the thermometer placed at two inches dif- 
tance fhould be 4"" higher. But upon trying this experiment 
various times, placing the thermometers at different dif- 
tances from the flame of the lamp, and making the pro- 
per calculations agreeable to thofe diftances, it appeared, 
that the intenfity of the heat did not decreafe exactly in 
the duplicate proportion of the diftances from the flame 
of the lamp, but fhewed a very odd irregularity. It 
feemed to decreafe fafter than the duplicate proportion of 
the diftances for the fpace of two inches and a half or 
three inches, after which it decreafed much flower. 
Whether this effeil may be attributed to fome different 
ftate of the air's purity at different diftances from the 
flame of the lamp, or to the vapours })roceeding from 
the flame, I cannot take upon me to determine. 

The 
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The above mentioned experiments gradually induced 
me to try the efFedt of the light of the Sun and of a lamp 
upon thermometers whofe balls were painted with dif- 
ferent colours. Dr. franklin's experiment with the 
pieces of cloth fet upon fnow that was expofed to the 
Svin is very well known. The doctor found, that thofe 
pieces of cloth, whofe colour was darker, funk deeper in 
the fnow than the others, by which it appears, that they 
became hotter. My view was to examine thofe different 
degrees of heat imbibed by different coloured fubftances 
with precilion, in order to obferve if they kept any pro- 
portion to the fpaces occupied by the prifmatic colours in 
the prifmatic fpecStrum, or if they followed any other dif- 
coverable law; but thofe attempts met with many diffi- 
culties, the greateft of which was the choice of colours* 
The water colours that are commonly ufed, as carmine, 
fap-green, &:c. are of fo different a nature from one ano- 
ther, that when the balls of the thermometers were 
painted with them, their furfaces were not equally 
fmooth, which occafioned great difference in the effeil; 
for I found, that two thermometers, whofe balls had 
been painted with the fame colour, but the paint laid 
fmoother on one than on the other, fliewed different 
degrees of heat when they were both expofed to the 
rays of the Sun. 

I attempted 
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1 attertipt6d to make thertnometers with tubes of dif- 
fej^ently coloured glafs, but when a ball was formed with 
any of fhdfe tube$, the fubftance of the glafs in the ball, 
being much thinner than in the tube, differed very little 
from clear colourlefs glafs. 

To include the thermometers in clofe boxes, in which 
the rays entered through coloured glafies, was alfo found 
SneflFedtual; not only becaufe the colours fo trarifmitted 
were far from being homogeneous, but efpecially be- 
caufe fome of thofe glaffes are much- more opaque than 
others, even of the fame colour. 

The leaft ambiguous method, thei:efore, was that of 
painting the balls of the thermometers with vVater- co- 
lours, taking care to lay them as equally fmooth as pofli- 
ble. in this manner I repeated fevisral experiments^ 
ufing fottietimes a dozen of thermometers at oince^ 
whofe balls were painted with various colours, and were 
expofed to the Sun ; and from a vaft number of experi-^ 
ments, and after fome weeks obfervation,it could be only 
deduced, that if the colours, with which the balls of the 
thermometer were painted, were pretty like the prifmatic 
colours, thofe thermometers fhewed a greater degree of 
heat, whofe colours were nearer to the violet in the order 
of the prifmatic colours, and contrary wife ; but they 
were all, even that painted with white lead, in fome 

4 i intermediate 
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inteimediate degree between the Idackened thermome* 
ter and the naked 6t unpainted.one. If the coloum 
had not. the proper degree of denfity, the effefts were 
irery different : thm a thermometer painted with a light 
blue was lower than another thermometer painted red 
with good carmine* 

I fli^U now defcribfi the manner of conftni<Sting the 
fcale&of ihofe theraiameters, which was contrived fo as 
to be ¥ery expeditious,; becaufe fome of thofe thermome- 
ters were often broken by fome accident or other, and 
that new fchemes often reqw*ed new thermometers, to 
conftmca; thefcales of which in a formal manner would 
have required a very long time- Thofe methods there- 
fore may be of ufe to other perfons. 

When the thermometers were intended to be expofed 
to the flame of the lamp, at a given diftance from it, their 
fcales were drawn upon flips of paper which were glued 
to their tubes in the manner reprefented by fig. i • The 
thermometers were then fet horizontally upon a.book, fo 
that their balls were out of the book, and at any required 
diftances from the flame of the lamp, which diftances 
were meafnred with a pair of compafles* But when the 
thermometers were only to be expofed to the Sun, I then 
xkicd the following very expeditious method, fee %• a. 
Upon an oblong board ABcn of about 14 inches by 18, 
4 and 
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«id nearly one iftch thick, I pafted a piece of wlfitiS pa- 
J)er, and delineated upon it a right-angfcd triangle egf, 
one fide gf of which came very near the edge ci> of the 
board; the other fide ep, which ftands perpendicular to 
Qfy Was divided into equal parts, reprefenting degrees of 
FAHRENHEIT'S thermOmetrical fcale. The loweft of 
thofe degrees was near the freezing point, and the upper 
'Was no(t above the rro% it being as much as I was in 
want of» From the point o right lines were drawn to all 
the degrees in the fcale ef, and many other right lines 
parallel to the fcale ef, and confequently perpendicular 
to the bafe gf, were drawn through the whole area of 
tiie trian^e. Now when the thermometers were con- 
Ifanidted, I found, by comparifon with a ftandard thermo- 
meter, two points whatever, which I marked with the 
Hie upon the tube, and by a note of thefe thermometers 
t knew to what degrees they anfwered* Thus, for in- 
ftance, upon the thermometer hl two marks were made, 
viz. I anfwering to the 40th degree, and k to the 70 th 
degree. Now when this thermometer was to be ufed 
1 placed it upon the board abcd with the tube parallel to 
the fcale ef, which could be eafily done by the help of 
the parallel lines drawn upon the triangle, the ball of the 
thermometer being out of the board; thus I Aid the 
thermometer backwards and forwards till the mark I, 

4 I a which 
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which was the 40th degree, coincided with the line, 
which went from the point o to the 40th degree on the 
fcale, and the tnark k coincided with the line which went 
from G to the 70th degree. In that place the thermome- 
ter was left^ and in order to keep it fteady,. a piece of lead 
(o) was iifually put upon the extremity of its tube. In 
this lituation the interfeitions of the tube, and the lines 
drawn from a to the degrees in ef, Ihewed the degrees, 
€r ferved for a fcale to the thermometer hl. Thus, fup.- 
pofe that the quickfilver iji its tube was at p, it is plain, 
that it was at 5 5"*, becaufe at that point the tube is intej> 
fcdted by the line which goes from, g to the 5 5th degrjee 
oa the fcale ef.. This, board, therefore^ ferved for a tml- 
verfal fcale, and upon it I ufed to fix feveral thermome- 
ters at a time,, and expofe them, all together to the Sum. 

I ihall conclude this paper with mentioning aa experir 
ment, which, although not thermometrical, is yet ufeful 
in. removing a wrong notion fome perfon^ have conr 
ceming the efFeft of light. 

Having ffeen iniome hook that the common black 
pyrophorus, or homberg's pyrophorus, was impaired 
by light, 1 was defirous to try the truth of this affertion, 
Accordingly towards 'ttie beginning of the laft year I 
prepared jfome pyrophorus, and inclofed portions of it 
m three glafs tubes, which, were immediately feal^d 
X hermetically. 




xn 
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hermetically,^ and on the aoth of May, 1779, *^wo of 
them were fufpended ta a nail out of a window,, and the 
thi»d wa$ wrapped \ip in paper,, and was inclofed in a 
bo-x,. where not the Ifeaft glimnaering of light could enter^ 
In llm fkuatioo they were left fou above Oi year, and 
}s3& week I broke one of thofe that had beem ke]^ out of 
the window,, and that which had been- in tibe dark, in 
prefence of Mr. kirwan, f. b. s,; but the pyrophorus 
of each tube feemed to be equally good^ talking fire 
within about half a nunute alter being taken out of the 
tubes, and expofed tathe air upon pieces of paper, which 
fhews that neither the prefence or abfence of light had 
injured it. 

June 7,, 1780, 

P.S. Havkigraentionedtofeveralperfonsmy intention 
of making fonae experiments upon the temperature of 
the atmofphere with a new metalline thermometer, and 
of giving an account of themin this paper,,! muft here 
mention,, that as the inftrument was not finiftied in 
proper time,. I Ihall defer giving a defcription of it, a9 
well as an account of the experiments, 8cc« to another) 
opportunity.. 






